ABSTRACT Four experiments were carried out to study the possible differences in metabolizable energy (ME) of meals (RSM) or expeller meals (RSE) from double-low rapeseed (Expt. 1), the influence of processing on ME (Expt. 2) and on relative phosphorus (P) bioavailability (Expt. 3) in RSM, and effect of RSM inclusion on growth performance of broilers (Expt. 4). For Expt. 1, diets with 300 g/kg RSM from 11 RSM and 4 RSE varieties were fed to broilers from d 14 to 21, with excreta collection on d 19 to 21. Each treatment had 8 replicates and 3 birds per replicate. Energy metabolizability of RSM of a specialized high glucosinolate variety (V275OL) was greater (P < 0.05) than all the other varieties. In Expt. 2, two RSM varieties were processed with mild or conventional processing condition. There were no variety effects on ME, but ME and ME n were greater (P < 0.01) for RSM processed by mild processing condition. In Expt. 3, P bioavailability of RSM was determined, relative to MSP, using growth performance and tibia ash as responses. Phosphorus relative bioavailability values were greater (P < 0.05) in RSM of DK Cabernet variety processed using the mild processing condition. In Expt. 4, two RSM varieties were added to wheat-soybean meal-based diet at the rates of 50, 100, 150, or 200 g/kg and fed to broilers from d 0 to 42. Inclusion of 150 and 200 g/kg of RSM resulted in reduced weight gain and increased feed conversion ratio (FCR) compared (P < 0.01) with the lower inclusion levels during the starter phase. For the entire trial (d 0 to 42), weight gain was greater (P < 0.01) for birds receiving diets with RSM from PR46W21 variety. It was concluded from the experiments that apart from the residual ether extract content, variety differences had no impact on ME of RSM, conventional processing reduced ME and relative bio-availability of P; and that the maximum level of RSM inclusion depends on maximum growth performance level desired.
INTRODUCTION
The varieties of rapeseed, Brassica napus, that have been bred for low levels of glucosinolates and erucic acid are known as double-low (or double-zero) oil-seed rape (OSR) varieties in Europe, or canola in United States and Canada (Khajali and Slominski, 2012) . Because of their relatively high crude protein (CP) content and amino acid digestibility, their hexane-defatted coproducts rapeseed meals (RSM) or expeller-defatted meals (RSE) are used as protein feedstuffs, especially in non-ruminant animals (Lee et al., 1995; Woyengo et al., 2010; Kasprzak et al., 2016a,b) . Residual oil content is generally low in RSM but the feedstuff, when used at high levels in the diet, can contribute to the C 2017 Poultry Science Association Inc. Received January 26, 2017. Accepted May 10, 2017. 1 Corresponding author: oluyinka.olukosi@sruc.ac.uk metabolizable energy (ME) and phosphorus (P) contents of the diet, although its ME and digestible P are reported to be relatively modest (Woyengo et al., 2011; Olukosi et al., 2015) .
Rapeseed meal is not routinely used in non-ruminant animal diets in the United Kingdom because of the potential for negative effects of its antinutritive factors. For young birds, maximum inclusion level was recommended to be 20 g/kg, or 50 g/kg for older birds (Henkel and Mosenthin, 1989) . However the modern varieties are very low in their content of glucosinolates and, accordingly, are likely to be better tolerated by poultry as suggested in recent studies (Woyengo et al., 2011; Aljuobori et al., 2016) . Because the primary product of OSR is its oil, processing conditions are understandably geared to maximize oil extraction from the seed and minimize mechanical pressure on the press. This processing requires an extra cooking step during seed preparation and it is likely that the application of the extra heat may reduce the value of the resulting RSM 3338 as a source of ME and bioavailable P for poultry, as has been demonstrated for other feedstuffs for poultry (Chompreeda and Fields, 1984; Carlson and Poulsen, 2003) . Zeb et al. (2002) showed that dry heating reduced the nutritive value of RSM in their study. On the other hand, because of low levels of potential antinutrients in the modern varieties of OSR, there is possibility that it will be feasible to incorporate raw seeds directly in the diet where this is available. This option needs to be investigated.
There is need for a better understanding of the nutritive value of the modern varieties of RSM in order to explore possibility for greater inclusion of RSM in the diet. Consequently 4 experiments were designed to study: 1) the influence of OSR varieties on ME, 2) interactive effects of variety types and processing intensity on ME, 3) the relative bioavailability of P, and 4) the influence of graded level of RSM dietary inclusion on growth performance of male broiler chickens.
MATERIALS AND METHODS
All the animal experiment procedures used in this study were approved by Scotland's Rural College's Animal Experiment Committee. A total of 4 experiments were conducted to determine the ME content of RSM and RSE in broiler chickens (Expt. 1), ME of RSM processed using mild or conventional conditions (Expt. 2), relative bioavailability of P in RSM processed as described previously (Expt. 3), and the effect of the RSM on growth performance and characteristics of the digestive organs in broiler chickens (Expt. 4)
Rapeseed, Rapeseed Meals, and Rapeseed Expeller Meals
The OSR, RSM, and RSE used in the current study were all grown in England between 2013 and 2014. The location of where the OSR were grown and the chemical composition of the RSM and RSE have been described previously (Olukosi et al., 2015; Kasprzak et al., 2016b) .
Rapeseed Processing Conditions
All the seeds processing was carried out at a pilot plant (CREOL/OLEAD, Pessac, France). The processing conditions for RSM used in Experiments 2, 3, and 4 are described below.
Conventional Processing. The "conventional" processing was carried out with 3,500 kg of each batch of seeds (DK Cabernet and PR46W21). The seeds were flaked using a Bühler flaking mill with smooth rolls (400 mm in diameter × 600 mm in length) separated by a 0.2-mm gap. Resulting flakes were continuously conditioned in a 2-stage horizontal conditioner (OLEXA, France) . DK Cabernet and PR46W21 were cooked with, respectively, 325 kg/h and 319 kg/h with residence time of 43 min and 45 min and a final temperature of 90.1 and 89.6
• C. Prepressing was done with the same press as the cold pressing. For DK Cabernet and PR46W21, the conditions were, respectively: temperature 80.3
• C and 77.1
• C, oil throughput 38.8% and 37.2% of flakes input, and intensity by the press 15.1A and 15.9A.
Extraction and desolventization occurred in the same units as the cake from "mild" processing. The extractor was fed at a constant 220 kg/h rate. In desolventizer, the indirect steam pressure was set at 3.5 barg, residence time 90 min, and direct steam at 25 kg/h. DK Cabernet and PR46W21 final temperatures were, respectively, 115.9
• C and 110.5
• C. The difference in processing for the 2 varieties is explained by a longer effective residence time for DK Cabernet.
Mild Processing. For the "mild" processing, 500 kg of each seed batch were dried to reduce the water content below 7% and cold pressed using a MBU 75 press (OLEXA, France) at a constant throughput of 250 kg/h. Cold pressed cakes were directed into a continuous flow extractor (belt diffuser by Desmet Ballestra, Belgium) at 180 kg/h where a counter-flow of hexane extracted the oil. The resulting residue was continuously forwarded to the desolventization unit using a 6-tray continuous desolventiser (Desmet Ballestra, Belgium). The residence time was 80 min and the indirect steam pressure heating the trays was set at 1 barg whereas direct steam was 25 kg/h. The residence time was 80 min and the final temperature for DK Cabernet and PR46W21 were, respectively, 105.9
• C and 105.3 • C.
Experiment 1
A total of 408 Ross 308 male broilers were used for the study to determine the ME and ME n of RSM from 11 varieties of OSR and of RSE from 4 varieties of OSR (Table 1) .
The birds were raised together from d 0 to 14 of age and they all received corn-soybean meal-based diet that met the energy and nutrient requirements of Ross 308 broiler chickens (Aviagen, 2014) . On d 14, the birds were allocated to 17 treatments in a randomized complete block design ensuring that the average body weight was the same for all the treatments. Each of the treatments had 8 replicate cages with 3 birds per replicate cage. The birds received the experimental diets, containing 5 g/kg of titanium dioxide as digestibility marker, from d 14 to 21 and excreta were collected on d 19 to 21.
Diet 1 was a corn-soybean meal-based reference diet which was formulated to meet the energy and nutrient requirements of the birds (Aviagen, 2014) . The subsequent 12 diets had 12 RSM from 11 varieties of OSR (Table 1) proportionally replacing all the energy yielding components of the reference diet (corn, soybean meal, soy oil) at 300 g RSM per kg diet. Diets 14 to 17 had RSE from 4 varieties of OSR proportionally replacing the energy yielding components of the reference diet at 300 g/kg. The proportional replacement of the energy-yielding components is essential to enable calculation of the ME of RSM and RSE by the difference method as previously described (Olukosi and Adeola, 2009) . The processing for the RSM used in the experiment is as previously described (Kasprzak et al., 2016b) . The ingredient composition of the experimental diets is shown in Table 2 .
Experiment 2
Two OSR varieties (DK Cabernet and PR46W21) used for this experiment were selected from the 13 varieties tested in Expt. 1 on the basis of their market availability, standardized ileal amino acid digestibility (SIAAD) and glucosinolates content (Kasprzak et al., 2016b, Table 3 ). The OSR samples were subjected to 2 oil removal conditions denoted as mild or conventional. The mild processing condition avoids a cooking step during the preparation of the seed for oil extraction. The details of the two processing conditions are described above.
A total of 120 Ross 308 male broilers were used for this experiment. As previously explained for Expt. 1, the birds were allocated to dietary treatments on d 14 of age in a randomized complete block design on the basis of initial body weight. The treatments were a cornsoybean meal-based reference diet and 4 additional diets in which RSM from DK Cabernet and PR46W21 varieties processed using the conventional or mild condition were added at 300 g/kg to proportionally replace the energy yielding components of the reference diet ( Table 2 ). All the diets had titanium dioxide added at 5 g/kg to serve as digestibility marker to enable calculation of digestibility by the index method.
Each of the 5 treatments had 8 replicate cages with 3 birds per replicate cage. Excreta were collected on d 19 to 21. The ME and ME n of the RSM were calculated using the difference method as previously described (Olukosi and Adeola, 2009) .
Experiment 3
The aim of this experiment was to determine the relative bioavailability of P in RSM from 2 varieties of OSR. The 4 RSM used for this experiment were as described above for Expt. 2. Phosphorus bioavailability was determined relative to monosodium phosphate (MSP).
A total of 330 Ross 308 male broiler chickens at 11 d of age were allocated to 11 treatments in a randomized complete block design. The birds were previously raised from d 0 to 11 on wheat-soybean meal-based diet formulated to meet all the nutrients requirements (Aviagen, 2014) . On d 11, the birds were allocated to 11 treatments, each treatment had 6 replicate pens and each pen had 5 birds. Birds and feed were weighed on d 11 and 21. On d 21, the birds were euthanized by cervical dislocation; the left tibia bones were collected from 2 randomly selected birds per pen and the bones were later defatted and ashed.
The 11 treatments included a basal diet (diet 1) that was formulated to be adequate in all nutrients and energy and deficient in non-phytate P. Soybean meal was the only source of P in the basal diet and provided 2.9 g/kg total P. Diets 2 and 3 were similar to the basal diet except that MSP, was added at the rates of 4.8 or 9.3 g/kg to increase dietary total P levels to 4.0 or 5.0 g/kg for diets 2 and 3, respectively. The remaining 8 diets had 2 levels each of RSM from DK Cabernet and PR46W21 varieties processed under conventional or mild conditions. The meals were denoted DKC and DKM for meals from DK Cabernet processed using conventional and mild conditions, respectively, or PRC and PRM for meals from PR46W21 processed using conventional and mild conditions, respectively. The RSM were added at the rates of 110 or 220 g/kg to the basal diet to provide dietary total P levels of 3.9 or 4.9 g/kg, respectively. The ingredients and chemical composition of the experimental diets are shown in Table 4 .
Experiment 4
On the basis of ME content of RSM determined in Experiment 2 and SIAAD content of the RSM determined earlier (Kasprzak et al., 2016b) , the RSM were included in practical broiler diets (Table 5 ). The objective was to ascertain the effect of inclusion levels of RSM on growth performance and characteristics of the digestive organs of the broiler chickens in response to step-wise dietary inclusion of RSM.
A total of 1,500 Ross 308 male broilers at 1 d of age were allocated to 10 dietary treatments in a randomized complete block design ensuring the treatments had the same body weight on d 0. Each of the treatments had 10 replicate pens with 15 birds per replicate pen. The treatments included a wheat-soybean meal-based basal diet, which was formulated to meet the nutrient recommendation for the birds. Diets 2 to 5 had RSM from DK Cabernet, added at the rates of 50, 100, 150 or 200 g/kg for diets 2, 3, 4, and 5, respectively to partly replace wheat and soybean meal in the basal diets. Diets 6 to 9 had RSM from PR46W21 variety added at the rates indicated above. Diet 10 had DK Cabernet unprocessed, ground seeds added at the rate of 80 g/kg to partly replace wheat and SBM in the basal diet. The ingredients and chemical composition of the diets are shown in Table 6 .
The diets were fed as pellets for the duration of the experiment (crumbed pellets on d 0 to 7). The diets were fed in 2 phases with the starter (d 0 to 21) and the finisher phases (d 21 to 42). Feed and birds were weighed on d 0, 21, and 42 to determine the growth performance. On d 42, one bird from each of the pens, with body weight closest to the pen median body weight, were euthanized by intravenous injection of pentobarbitone. An incision was made below the sternum to expose the abdominal cavity as previously described (Olukosi and Dono, 2014) . The entire small intestine was removed and the weight and length of the duodenum, jejunum, and ileum were taken. The weights of the gizzard (emptied), pancreas, and liver were also taken. The duodenum was defined as the section of the small intestine from the pyloric junction to the end of the duodenal loop. The jejunum was defined as the section from the caudal end of the duodenal loop to the Meckel's diverticulum. The ileum was defined as the section of the small intestine from the Meckel's diverticulum to the ileo-cecal junction.
Chemical Analysis
Diets, ileal digesta, and excreta were analyzed for dry matter, N, gross energy, and ether extractable fat. Titanium was analyzed using the method of Short et al. (1996) . In addition, RSM and RSE were analyzed for phytic acid, glucosinolates, sinapine, tannins, Ca, P, and neutral detergent fiber. Tibia bones obtained in Experiment 3 were defatted and ashed in a muffle furnace at 600
• C for 12 h. DM was determined by drying the samples in a drying oven (Uniterm, Russel-Lindsey Engineering Ltd., Birmingham, England, UK) at 105
• C for 24 h (AOAC Method 934.01; AOAC, 2006) . Total N content was determined (Leco FP analyzer Model, Leco Corp., St. Joseph, MI) by the combustion method (Method 968.06; AOAC, 2006) . Crude protein was calculated as N × 6.25. Gross energy was determined in an isoperibol bomb calorimeter (Model 6200, Parr Instruments, Moline, IL) using benzoic acid as an internal standard. Mineral contents was determined using Inductively Coupled Plasma -Optical Emission Spectroscopy (AOAC Method 990.08; AOAC, 2006) following digestion, in turn, in concentrated HNO 3 and HCl. Free fat (as ether extract) was determined using extraction by petroleum ether in a Soxhlet apparatus for 6 h (AOAC, 2006) . Neutral detergent fiber (NDF) was analyzed using the Ankom nylon bag technique (ANKOM, 2006) . Glucosinolates were analyzed using ISO method 9167-1 (ISO, 1992). Tannins were analyzed using the vanillin HCl assay (Butler et al., 1982; Hagerman, 2011) . Sinapine levels were quantified through an in-house method combining extraction and HPLC as described previously (Cai and Arntfield, 2001; Li and Rassi, 2002) . Phytic acid was measured as phosphorus released by phytase and alkaline phosphatase, using commercially available kits (Megazyme assay procedure; K-PHYT kit).
Statistical Analysis
The data for each experiment, except Expt. 3, were analyzed by the MIXED procedure of SAS as appropriate for a randomized complete block design. In all experiments, the dietary treatments were the fixed effects and the blocks were the random effect. For Expt. 3 Standardized digestible amino acids content were derived from total amino acids content and their standardized digestibility values reported by Kasprzak et al. (2016b). 1, the between-varieties means for RSM and RSE data were compared separately using Tukey's test, but data for RSE versus RSM were compared using the contrast statement. For Expt. 2, data on ME and ME n of the RSM processed using the 2 conditions were analyzed as 2 × 2 factorial arrangement using variety (DK Cabernet and PR46W21) and processing conditions (Conventional or Mild) as factors. The data for Expt. 3 were analyzed using common-intercept slope ratio assay using the GLM procedure of SAS. The 3 assumptions for validity of slope ratio assay (Littell et al., 1997) were tested on the data and fulfilled prior to employing the assay. Linear and quadratic effects of supplementing MSP or RSM to the basal diets were examined using orthogonal polynomial contrasts. The data for Expt. 4 were analyzed as factorial (2 type of RSM and 4 levels of each RSM) showing the main and simple effects as appropriate. Linear and quadratic effects of step-wise increase in dietary RSM inclusion were investigated using orthogonal polynomial contrasts. The effect of dietary inclusion of the seed in the diet was investigated using an additional contrast. Statistical significance was set at P ≤ 0.05. Table 1 shows that the RSM were similar in composition and that large variability only exists in the contents of phytic acid and total glucosinolates with CV of 31% and 63%, respectively. There was a large variability in glucosinolates content of RSE as well with CV of 35%. For both RSM and RSE though, within-rapeseed meal type variability was relatively low for GE, CP and ether extract.
RESULTS

Chemical Composition of Test Ingredients
The chemical composition of the 2 selected OSR varieties (DK Cabernet and PR46W21) processed using conventional or mild processing conditions are shown in Table 3 . The main influence of processing, within each of the varieties, was evident in composition of ether extract and glucosinolates. Generally, OSR processed using the mild condition had greater quantity of ether extract and glucosinolates than when processed using the conventional condition. Analyzed total P in the diet for Expt. 3 shows that the expected dietary P were met and the relative differences between diets in total P were maintained (Table 4 ). In addition, analysis of a-e Means in the same column, within a group, but with different superscripts are different (P < 0.05).
1 EM = energy metabolizability. n = 8 replicate cages with 3 birds per replicate cage.
the diets used for growth performance (Table 6) shows that the intended isocaloric and iso-nitrogenous profiles of the diets were maintained.
Metabolizable Energy of RSM and RSE (Expt. 1)
Energy metabolizability (EM), ME, and ME n of RSM and RSE are shown in Table 7 . Rapeseed expeller meals had greater (P < 0.01) EM, ME, and ME n than RSM, but the numerical difference in ME and ME n between RSM and RSE was larger than the numerical difference in EM. Variety affected EM, which was greater (P < 0.05) for V275OL than all the other varieties, which all had statistically similar EM. In addition, both ME and ME n were greater (P < 0.05) for Ability than all the other varieties.
Within the RSE samples, Compass had greater (P < 0.05) EM, ME, and ME n than the other varieties, whereas ME and ME n were lower (P < 0.05) for Sesame compared with the other varieties. DK Cabernet and NK Grandia both had similar amount of ME and ME n .
Correlation of ME content of RSM with their chemical composition produced significant (P ≤ 0.05) positive correlation coefficients of 0.57, 0.88, and 0.62 for CP, ether extract, and ochratoxin, respectively. The correlation coefficients of ME with NDF, total glucosinolates, tannins, sinapine, and phytic acid were not significant.
Influence of Variety and Processing Conditions on ME of RSM (Expt. 2)
There was no significant main effect of variety or a variety × processing interaction effect on any of the responses (Table 8) . However, there were effects (P < 0.01) of processing condition on ME, ME n , and EM, which were all greater (P < 0.01) for RSM processed by mild processing condition compared with the conventional processing condition. Table 9 shows the data on growth performance and tibia ash responses to the low-P basal diets Table 8 . ME and ME n of RSM subjected to conventional or mild processing conditions (Expt. 2). supplemented either with MSP or RSM from DK Cabernet or PR46W21 processed using conventional (DKC or PRC, respectively) or mild (DKM or PRM, respectively) conditions. There was a (P < 0.05) linear response of weight gain and feed intake to supplemental MSP and RSM, except for PRM for which there was a trend for linear growth response. There was also a (P < 0.05) linear bone ash response to supplemental MSP. There were no quadratic treatment effects, except for feed intake response (P < 0.05), to increasing level of DKC. Feed conversion ratio also had quadratic response (P < 0.01) to increasing level of DKM and PRM. Multiple regression analyses were done on the intake of supplemental P coming from MSP or the RSM using weight gain as response criteria. The regression based on MSP, DKC, and DKM yielded the equation:: Y = 487 + 87.5 ± 1.10 MSP + 11.9 ± 1.30 DKC + 28.2 ± 1.25 DKM, (r 2 = 0.72). The regression based on MSP, PRC and PRM yielded the equation Y = 486 + 88.3 ± 1.25 MSP + 19.7 ± 1.44 PRC + 27.0 ± 1.49 PRM, (r 2 = 0.70). Regression analyses were also done on the intake of supplemental P coming from MSP or the RSM samples using tibia ash as response criteria (Table 9 ). For the regression based on MSP, DKC, and DKM, the equation was Y = 13.9 + 3.82 ± 0.09 MSP + 1.78 ± 0.11 DKC + 0.81 ± 0.11 DKM, (r 2 = 0.60). The regression based on MSP, PRH, and PRM yielded the equation Y = 14.1 + 3.82 ± 0.08 MSP + 1.38 ± 0.10 PRC + 1.29 ± 0.10 PRM, (r 2 = 0.66). On the basis of the regression equations, percentage relative bioavailability of P in the RSM varieties, based on weight gain or tibia ash are presented in Table 10 . Relative P bioavailability value, using weight gain was greater (P < 0.05) for DKM compared with DKC but the opposite was the case when tibia ash was used as response criterion. Processing condition had no significant effect on relative P bioavailability for PRC and PRM. Relative P bioavailability for RSM processed using the mild condition was generally greater (on the average 32.2 vs. 24.0% for mild versus conventionally processed RSM, respectively). This excluded data for DK Cabernet where tibia ash was used as the response criterion, for which relative bioavailability was greater for RSM processed by conventional processing.
Influence of Variety and Processing Conditions on Relative P Bioavailability of RSM (Expt. 3)
Growth Performance Responses of Broilers to Dietary Inclusion of RSM or OSR
The growth performance responses of broilers to dietary inclusion of graded levels of RSM to wheatsoybean meal diets are presented in Table 11 . Dietary inclusion of RSM from DK Cabernet and PR46W21 resulted in linear reduction of weight gain, feed intake and increase in FCR (P < 0.01) in all ages. There was no effect of RSM inclusion on feed intake during the finisher phase. There was no quadratic response to RSM inclusion in weight gain or FCR. There was no variety or variety × level interaction during the starter phase (d 0 to 21). There was variety × level interaction (P < 0.05) for weight gain during the finisher phase which was explained by steeper reduction in weight gain in response to increasing dietary level of RSM of PR46W21 compared with DK Cabernet. There was significant (P < 0.01) RSM level effect on FCR during the finisher phase with broiler chickens receiving 150 and 200 g/kg RSM in the diet having greater FCR compared with the other treatments irrespective of variety. For the overall phase (d 0 to 42), weight gain was greater (P < 0.01) for birds receiving diets with RSM from PR46W21 whereas increasing RSM inclusion linearly decreased weight gain and increased FCR (P < 0.01). Feeding of 80 g/kg of unprocessed OSR resulted in a decrease (P < 0.05) in Table 9 . Growth performance and bone mineralization of broilers receiving graded levels of dietary phosphorus supplied by monosodium phosphate or RSM produced by 2 processing conditions (Expt. 3). weight gain, feed intake and increase in FCR in all the phases of the study. There were no variety or variety × level interaction effects on any of the digestive organs measured (data not presented). There was no RSM level effect except for liver weight, which decreased (P < 0.05) between 50 and 100 g/kg RSM inclusions and then increased (P < 0.05) with higher RSM inclusion level.
DISCUSSION
The objective of the current study was to determine, for broiler chickens, the nutritive value of double-low RSM produced in the UK. The RSM are characterized by their low contents of glucosinolates and erucic acid and are the same as canola meal in the North America (Adewole et al., 2016) . The study took a step-wise approach in which RSM from 11 varieties of doublelow were first evaluated for ME and SIAAD (Kasprzak et al., 2016b) . Subsequently 2 of the varieties were chosen on the basis of market availability, differences in SIAAD and glucosinolates contents. These 2 varieties were further assayed for ME and relative bioavailability of P. The energy content determined and SIAAD values (Kasprzak et al., 2016b) were then used in diet formulation to determine broiler chickens response to inclusion of RSM from the 2 varieties in practical broiler diets.
Chemical Composition of RSM and Effect of Processing
The chemical composition of the RSM varieties tested is within the range that is generally reported in the literature (Woyengo et al., 2010; Parr et al., 2015; Adewole et al., 2016) . The glucosinolates and sinapine contents of the varieties are within the range for meals from modern varieties of rapeseed. There was generally narrow variability in the chemical composition of the RSM from the different varieties. This similarity may be a reflection of the fact that the varieties were all processed in one plant (Pessac, France).
Glucosinolates in RSM and RSE conferred the greatest variability among the varieties. The especially high CV in glucosinolates content was likely due to the presence of a specialized variety V275OL which is a higholeic, low-linoleic acid variety. In spite of these differences in glucosinolates content, the data from the current study indicates that there is a generally low Table 10 . Relative P bioavailability, total P and bioavailable P content of RSM (Expt. 3). 1 Bioavailability of the P in RSM relative to MSP. Calculated by the common intercept slope ratio using the multiple regression equations in the footnote of Table 9 .
2 Bioavailable P content was derived as the product of bioavailability coefficient and the total P in the oilseed rape meals. n = 6 replicate cages with 5 birds per replicate cage. variability in nutrient content of RSM when processing conditions are standardized. The effect of processing conditions on nutrient composition of the meals is shown in differences in chemical composition of RSM obtained from the conventional and mild processing conditions. The RSM obtained from conventional processing condition had lower GE, CP, ether extract, Ca, and total P (except for NDF in DK Cabernet). The decrease in composition of some of the chemical components may reflect an increase in composition of some other components not analyzed in the current study. Ether extract and glucosinolates contents were the most dramatically reduced components in conventionally processed RSM in the current study. The reduction in ether extract level is expected because the additional heat application in the conventional processing is to enable greater ether extract extraction. It has been shown that hydrolysis of glucosinolates may occur during processing of the seed (Bell, 1984; Khajali and Slominski, 2012) and this may be responsible for the reduction in its level as reported in the current experiment. The reduction in glucosinolates, as observed in the current study, may be advantageous but the degree to which this is beneficial may be marginal given that the varieties were already low in glucosinolates. On the other hand, the lower ether extract content negatively influenced energy content of RSM for poultry as further described below.
Varietal Differences in ME Content of RSM and the Impact of Seed Processing for Oil Extraction
The average ME and ME n of the RSM assayed in the current study were 2,096 and 1,905 kcal/kg, respectively. This ME represents approximately 45% of the gross energy in the meal. The ME of RSM determined in the current study is similar to values reported earlier (Bell, 1993; Mandal et al., 2005; Woyengo et al., 2010; Radfar et al., 2017) . The greater ME content of RSE was largely due to its much higher ether extract content, which was generally more than twice the ether extract content of RSM, whereas the EM of RSM and RSE are much closer in values. Availability of energy in feedstuffs is dependent on the balance of the energy yielding constituents in the feedstuff and factors that impede their utilization. The low energy availability in RSM and RSE could be due to the presence of such factors as pectic oligosaccharides and insoluble fibers (Khajali and Slominski, 2012) , which may have negative effects on energy digestibility. De-hulling and consequent reduction in fiber content have been reported to increase ME of RSM but exogenous enzymes have not consistently improved ME of RSM in various studies (Slominski et al., 1994; Zobac et al., 1998; Mandal et al., 2005) even though such enzymes have been reported to decrease concentration of non-starch polysaccharides in the small intestine (Kocher et al., 2000) .
There was similarity in EM, ME, and ME n contents in the RSM varieties assayed in the current study. Although the varieties had high variability, especially in their contents of phytic acid and glucosinolates, correlation analysis showed that these components were not associated with variability in ME content. The main drivers of energy availability in RSM were their ether extract and gross energy contents, which have correlation coefficient of >0.88. Consequently, it appears that the variation in the commonly considered antinutritional factors (such as tannins, phytic acid, glucosinolates, and sinapine) in modern varieties of RSM is unlikely to be constraining its nutritionally available energy value. Kasprzak et al. (2016a,b) came to similar conclusions with regards to protein nutritional value. Therefore, energy availability will largely depend on content and ease of hydrolysis of the energy yielding fractions of the RSM as also observed by Lee et al. (1995) .
The data from Expt. 2 show that ME and ME n were not different between varieties but were influenced by differences in processing. The conventional processing condition is similar to the conventional condition except that a step requiring cooking at 90
• C is avoided in the preparatory stage of the processing. This difference in processing produced lower EM, and consequently ME and ME n . Although Aljuobori et al. (2014) showed that extruded canola meal had greater ileal digestible energy compared with non-extruded meal, the difference in the study appeared to emanate from differences in gross energy and fiber contents rather than the effect of processing per se.
Chemical analysis showed that the difference in processing influenced the ether extract content of the meal. Generally, the meals that underwent the conventional processing had at least 20% less ether extract than the counterpart from milder processing. The application of heat (cooking) during preparation of the seeds for ether extract extraction reduces the mechanical energy required by the press but also enhances ability to more completely extract oil from the seed, and the latter reduces the value of the meal as an energy source. Nevertheless, although ether extract is the major contributor to GE content of the meal, there is also negative effect of additional heat treatment on EM. Consequently, it is the combination of the effects of the processing on ether extract content and EM that ultimately influenced the ME content of the meals.
Relative Bioavailability of Phosphorus
There is a considerable amount of P in RSM and it can contribute a sizeable amount of P to diets. However, as with other plant feedstuffs, one-half or more of the total P is in the form of phytate P (Bell, 1993; Olukosi et al., 2015) . Phosphorus is a critical mineral for growth; therefore, the provision of extra available P by inclusion of incremental levels of RSM resulted in enhanced growth performance and tibia ash, relative to the control treatment.
The relative bioavailable P content was generally greater for RSM processed by the mild condition and the difference was wider for DK Cabernet. Olukosi et al. (2015) reported that the true digestibility of P was 42.5% for conventionally processed RSM of DK Cabernet variety. The digestible P content was therefore calculated to be 4.39 g/kg. In the current study, the bioavailable P content for DK Cabernet processed using the mild processing condition was 3.88 g/kg. In addition, the values of bioavailable P (3.88 g/kg) for DK Cabernet reported in the current study, as well as the value of ileal digestibility of DK Cabernet (4.39 g/kg) reported in Olukosi et al. (2015) gave an efficiency value of 88.4%. This is comparable to the value of 87.4% reported by Adeola and Walk (2013) .
Processing can impact P bioavailability. In a study with barley and wheat, Carlson and Poulsen (2003) observed that heat treatment inactivated the plant phytase and this negatively affect P availability. It is acknowledged though that plant phytase in rapeseed is generally low. On the other hand, heat treatment has been shown to improve P bioavailability in corn-Distillers Dried Grains with Solubles (Amezcua et al., 2004; Amezcua and Parsons, 2007) . Heat treatment generally decreased phytate P (Khan et al. 1991) but heat application can also reduce P extractability as demonstrated in autoclaved soybean meal (Chompreeda and Fields, 1984) . The reduced extractability was suggested to be due to possible complex formation with P leading to reduced P availability. It has also been shown that heat treatment decreased phytate P digestibility in other animals (Park et al., 2000) . It can be expected that the effect of heat treatment on P availability is feedstuff-dependent but negative effect of additional heat application during processing was evident in P bioavailability of RSM used in the current study.
Dietary inclusion of RSM and its effect on growth performance
Weight gain and FCR decreased in a linear fashion with addition of RSM in wheat-SBM-based diets. There was 2.25 g or 1.79 g loss in body weight gain with every 1 g/kg inclusion of RSM from DK Cabernet or PR46W21, respectively. Similar depression in broiler growth performance following inclusion of RSM in broiler diets has been observed by others (Zeb et al., 2002; Woyengo et al., 2011; Aljuobori et al., 2014) . Woyengo et al. (2011) observed deterioration of growth performance and FCR with increased supplementation of expeller extracted canola meal in their study. There were minimal effects on the organs they studied except an increase in liver weight and plasma T4 concentration. Others have suggested that factors such as high glucosinolates content of RSM may contribute to reduced growth performance (McNeill et al., 2004) . However in view of the fact that the glucosinolates content is much less in modern varieties, the impact of this compound alone is likely to be very small if at all (Khajali and Slominski, 2012) .
The decrease in growth performance was more severe at dietary inclusion of 150 and 200 g/kg RSM inclusion levels. Zeb et al. (2002) observed depressed performance at RSM inclusion of 200 g/kg in their study. Levels at which negative effect is observed will depend on many factors including the processing of RSM and overall nutrient profile of the diet. In the current study, all the diets were formulated on the basis of standardized digestible amino acids and were isocaloric. Part of the reduction in growth performance may have been due to the decrease in feed intake, which may influence intake of nutrients and thus depress growth performance, especially during the early growing phase.
The treatment with unprocessed OSR was added in the current study to investigate the possibility of using the feedstuff where it may be available in quantity not justifying the cost of processing of the seed. Although there was a depression in growth performance, relative to the control diet, at the inclusion level used in the current study the level of performance observed was within the level observed with RSM inclusion. This suggests therefore that the raw seed was tolerated by the broilers to the same extent that RSM was tolerated. We are not aware of any study in which unprocessed OSR was used in broiler diets. A study with full fat soybean showed that feeding of irradiated soybean led to increased weight gain and total protein efficiency in broilers (El-Din and Farag, 1998) . This was attributed to destruction of anti-nutritive factors in the bean by radiation treatment. It is possible that the observation of similar response of broilers to feeding of OSR and RSM in the current study is an indication of the low level of antinutrients in both feedstuffs.
In view of the above it may be concluded that difference in ME of RSM from different varieties of rapeseed is primarily driven by residual ether extract content of the meal and that conventional processing condition negatively affects ME and P bioavailability. In addition, because all the birds performed above breed target, even at 200 g/kg RSM inclusion, but all levels of RSM reduced growth performance relative to the control, dietary level of RSM above 100 g/kg may be acceptable depending on rate of growth desired in the production system.
